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Specification 

1 . Title of the Invention 

CLEANING METHOD OF SEMICONDUCTOR SUBSTRATE AND CLEANING 
DEVICE USED FOR THE SAME 

2. Scope of Claims 

(1) A cleaning method of a semiconductor substrate, wherein cleaning is performed by 
causing the inside of a processing tank, in which a semiconductor substrate is housed, to 
be in a pressure-decreased state, supplying a cleaning fluid to the inside of the processing 
tank to cause the substrate, in which concave portions are formed, to be immersed in the 
cleaning fluid, and applying ultrasonic vibration processing to the semiconductor 
substrate and the cleaning fluid in order to cause gas remaining in the concave portions 
to be discharged. 

(2) A cleaning device for a semiconductor substrate, comprising: 

a processing tank in which a semiconductor substrate is to be stored, and which 
can be sealed; 

a cleaning fluid supply means which supplies a cleaning fluid to the inside of 
the processing tank; 

ultrasonic wave generation means which is provided inside the processing tank, 
and which provides ultrasonic vibrations to the cleaning fluid; and 

pressure decrease-increase means which makes adjustment to cause the inside 
of the processing tank to be in any one of a pressure-decreased state and a 
pressure-increased state. 

3. Detailed Description of the Invention 
[Field of the Industrial Applicability] 

[0001] The present invention relates to a cleaning method of a semiconductor substrate 
for cleaning a semiconductor substrate in which concave portions are formed, and to a 
cleaning device used for the same. 
[Prior Art] 

[0002] In recent years, along with high integration and minimization of semiconductor 
integrated circuits, a circuit pattern formed on a semiconductor substrate (hereinafter. 
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simply referred to as "wafer") has been also minimized, and a structure thereof has also 
become complicated. Accordingly, techniques for forming concave portions on a wafer 
and then forming elements in the portions have been adopted. 

[0003] Additionally, with an advance in high integration and minimization, extraneous 
matters attached to a wafer, or the like, which were not regarded as problems in the past, 
have become apparent as serious problems because of characteristics thereof. 
[0004] For this reason, it needs to be ensured that attached extraneous matters or the 
like are removed by cleaning processing. The cleaning processing is performed in 
processing after edging for forming the concave portions, in processing for removing 
oxide formed on a wafer, or the like. 

[0005] Fig. 4 is a view showing a schematic configuration of a cleaning device with 
which conventional cleaning processing of this kind is performed. In the view, 
reference numeral (1) denotes a cleaning tank in which cleaning is performed; (3), a 
cleaning fluid supplied to the inside of the cleaning tank (1); (4), a wafer processed by 
being immersed in the cleaning fluid (3); and (11), a wafer supporting table which is 
provided inside the cleaning tank (1), and on which wafer (4) is mounted. 
[0006] Next, descriptions will be provided for a cleansing method by use of the 
cleansing device configured as described. First, the cleaning fluid (3) is supplied to the 
inside of the cleaning tank (1), and is filled in the cleaning tank (1) so that the cleaning 
fluid (3) reaches a predetermined height in the cleaning tank (1). Thereafter, the wafer 
(4) is transferred to the cleaning tank (1) and is mounted on the wafer supporting table 
(11). The processing on the .wafer (4) is performed by immersing the wafer (4) in the 
cleaning fluid (3) in this manner. In this regard, usually, the cleaning fluid (3) is set to 
circulate. Cleaning of the wafer (4) is performed in this manner. In the wafer (4), 
trenches (5) which are concave portions are formed as shown in Fig. 5. This trench (5) 
is formed, for example, in order that an opening thereof has a surface size of 1 |imx 1 ^m, 
and that a depth thereof of is approximately 5|im. 

[0007] As a matter of course, in addition to the cleaning of the main surface part of the 

wafer (4), the cleaning of the inside of the trench (5) is also required. 

[0008] Incidentally, in addition to the cleaning method using the circulation, in order to 
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improve the efficiency of the cleaning, as a cleaning method of the wafer (4), a cleaning 
method, in which ultrasonic waves are applied to the cleaning fluid (3) and the wafer (4) 
and the cleaning fluid (3) is pressurized, has been also used. Further, a method, in 
which after the wafer (4) is mounted on the wafer supporting table (11), pressure 
decreasing is carried out for the cleaning tank (1), and in that state, the wafer (4) is 
cleaned by supplying the cleaning fluid (3), has been used as well. 
[Problems to be Solved by the Invention] 

[0009] The conventional cleaning methods have been as described above and have 
been ones in which the cleaning of the inside of the micro trench (5), which is formed on 
the wafer (4) and has a surface size of l|imxl|am at the opening thereof and a depth of 
approximately 5\xm, is not perfectly performed. 

[0010] In other words, as shown in Fig. 5, even if the cleaning fluid (3) is supplied to 
the wafer (4) in which the trenches (5) are formed, gas (6) remains in the trenches (5), 
and the cleaning fluid (3) does not entirely reach the surface in the trenches (5). 
[0011] This is because since the opening size of the trench (5) is extremely small, it is 
difficult for the cleaning fluid (3) to be caused to enter into the inside of the trenches 5 
due to the surface tension thereof, and it is difficult to replace the residual gas (6) in the 
trenches (5) with the cleaning fluid (3) by means of a method such as the ultrasonic 
method or the pressure increase-decrease method. Accordingly, there has been a 
problem that, with the conventional methods, cleaning is not performed over the bottom 
in each of the trenches (5), and accordingly extraneous matters can not be completely 
removed and remain, resulting in the deterioration of the reliability. 
[0012] The present invention is made to solve such above-described problems. The 
object of the present invention is to obtain a cleaning method of wafer, which is 
performed in a way that a cleaning fluid is spread over the inside of concave portions 
formed in wafer in order to perform preferred cleaning to attempt improvement in 
quality thereof, and to obtain a cleaning device used for the method. 
[Means for Solving the Problem] 

[0013] A cleaning method of a semiconductor substrate according to the present 
invention is one in which cleaning is performed in the following manner Specifically, a 
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pressure-decreased state is set inside a processing tank in which a substrate is housed, 
and a cleaning fluid is supphed to the processing tank in order that the substrate in which 
concave portions are formed is immersed in the cleaning fluid. Thereafter, ultrasonic 
vibration processing is applied to the substrate and the cleaning fluid to cause gas 
remaining in the concave portions to be discharged. 

[0014] In addition, a cleaning device according to the present invention includes: a 
processing tank which can be sealed, and in which a substrate is to be stored; cleaning 
fluid supply means which supplies a cleaning fluid to the inside of the processing tank; 
ultrasonic wave generation means which is provided inside the processing tank and gives 
ultrasonic vibrations to the cleaning fluid; and pressure decrease-increase means which 
makes adjustment in order that a pressure-increased state or a pressure-decreased state is 
set inside the processing tank. 
[Effect] 

[0015] In the invention, the processing tank is set to be in a pressure-decreased state by 
the pressure decrease-increase means, and then the cleaning fluid is supplied from the 
cleaning fluid supply means. Accordingly, the cleaning fluid is caused to reaches 
vicinities of the bottoms of the concave portions formed in the substrate. Further, in 
that state, the ultrasonic wave generation means is operated, and the ultrasonic 
processing is applied to the substrate through the cleaning fluid. Consequently, the gas 
remaining at the bottoms of the concave portions becomes bubbles, and thus is 
discharged into the cleaning fluid, or into a predetermined space portion inside the 
processing tank, whereby the cleaning fluid is spread to the entire surface of the concave 
portions. In this manner, it becomes possible to clean the inside of the concave portions 
to have a desired state thereof, by use of the cleaning fluid. 
[Example] 

[0016] Hereinafter, descriptions will be provided for an example of the present 
invention. Fig. 1 is a view showing a schematic configuration of a cleaning device of 
the example of the present invention. In the figxu-e, reference numeral (10) denotes a 
cleaning tank; (11), a wafer supporting table provided to the bottom of the cleaning tank 
(10); (12), a carrying in/out door which is formed on a side part of the cleaning tank (10), 
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and which can be opened/closed and can be watertight; and (13), an ultrasonic transducer 
(hereinafter, referred to as "transducer") which is provided on the upper part of the 
cleaning tank (10) so as to face the wafer supporting table (11). Reference numeral (14) 
denotes a cleaning fluid supplying pipe in which tip portion thereof is inserted through 
the upper part of the cleaning tank (10); (15), a valve provided to a path of the cleaning 
fluid supply pipe (14); and (16), a pressure increase-decrease xmit which is inserted 
through the upper part of the cleaning tank (10), and which is provided so as to face the 
cleaning fluid supply pipe (14). Reference nimieral (17) denotes a discharging pipe 
provided to the bottom of the cleaning tank (10); and (18), a discharging valve provided 
in the path of the discharging pipe (17). 

[0017] Next, descriptions will be provided for a method of cleaning the wafer (4) by 
use of the cleaning device configured as described. 

[0018] First, the carrying in/out door (12) is set to be in an opened state, the wafer (4) is 
transferred to the inside of the processing tank (10), and the wafer (4) is mounted on the 
wafer supporting table (11). In this wafer (4), trenches (5) are formed, and the wafer (2) 
is mounted on the wafer supporting table (1 1) so that a main surface thereof, in which the 
trenches (5) are formed, faces the upper side of the processing tank (10). After the 
carrying in/out door (12) is set to be in the opened state, the pressure increase-decrease 
imit (16) is operated in order to decrease the pressure inside the processing tank (10) to a 
predermined pressure. In this respect, the valve (15) and the discharging valve (18) are 
kept in a closed state. Thereafter, the valve (15) is opened to supply the cleaning fluid 
(3), for example, purified water, to the inside of the processing tank (10). This cleaning 
fluid (3), as shown in Fig. 2, is supplied so that a part of the transducer (13) is immersed, 
and then the valve (15) enters the closed state. Subsequently, the pressure 
increase-decrease unit (16) is operated in order to retum the pressure inside the 
processing tank (10) to the atmospheric pressure. Accordingly, in a space portion in the 
processing tank (10), the pressure-decreased state turns to the pressure-increased state, 
whereby the cleaning fluid (3) enters into the inside of the trenches (5). 
[0019] In this respect, in a case where, in the trench (5), the opening has a surface size 
of Ijamxl^im, and the depth thereof is approximately 5 jam, when the pressure 
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decrease-increase unit (16) is operated to lower the pressure inside the processing tank 
(10) to be at lOmmHg to lOOmmHg, and then is returned to the atmospheric pressure 
(760mniHg), the amount of the residual gas (6) occupies the portion of the trench (5), 
which has a height of approximately 0.06|im to 0.6|im jfrom the bottom surface. 
[0020] In this state, the amoimt of the residual gas (6) is approximately one eightieth to 
one eighth that in the conventional example (Fig. 3(a)). 

[0021] Next, the transducer (13) is operated at a frequency of 75kHZ and an output of 
0.2w/crf . Accordingly, cavitation (19) is caused in the cleaning fluid (3). Because of 
shock waves for extinction of the cavitation (19), the residual gas (6) inside the trenches 
(5) is gradually dispersed into the cleaning fluid (3), whereby scattering and diflRising 
thereof occur (Fig. 3(b)). 

[0022] After the occurrence of the cavitation (19), after approximately two to three 
minutes passes, the gas (6) in the trenches (5) is extinct. By continuing this ultrasonic 
processing for a predetermined time, for example, for ten minutes, extraneous matters 
attached to the side walls and the bottom surfaces in the trenchs (5) are dispersed into the 
outside of the trenchs (5). Accordingly cleaning thereof is sufficiently performed 
(Fig.3(c)). 

[0023] Thereafter, the discharging valve (18) is in the opened state, and the cleaning 
fluid (3) is discharged from the discharging pipe (17). The wafer (4) is transferred to 
the outside of the cleaning tank (10) from the carrying in/out door (12) to dry the wafer 
(4) by use of a drier. 

[0024] When the cleaning processing of the wafer (4) is performed in this manner, 
removal of the extraneous matters attached to the inside of trenches (5) formed in the 
wafer (4) is effectively performed. By performing the cleaning processing in this way, 
it is possible to obtain one for which improvement in quality is attempted. 
[0025] In the above-described example, the pressure inside the cleaning tank (10) is 
decreased and is returned to the atmospheric pressure after the cleaning fluid (3) is 
supplied thereto. However, note that even when the pressure inside the cleaning tank 
(10) is decreased and the cleaning tank (10) is in the pressure-decreased state as well 
without decreasing the pressure after the cleaning fluid (3) is supplied thereto, the 
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amount of the residual gas (6) is sufficiently smaller compared to that with the 
conventional method. In addition, when the pressure inside the cleaning tank (10) is 
decreased and then is increased to be higher than the atmospheric pressure after the 
cleaning fluid (3) is supplied thereto, it is possible to further reduce the amount of the 
residual gas (6) in the trenches (S) compared to the case where the pressiu-e is returned to 
the atmospheric pressure after the cleaning fluid (3) is supplied thereto. In any of the 
cases, the same effect as the above-described example can be obtained. 
[0026] Additionally, in the above-described example, the descriptions have been 
provided for the case where in the concave portion, the opening thereof has a surface size 
of l^imxl^im and the depth thereof is approximately 5\im, However, it goes without 
saying that the present invention is also applied to the case where an opening size is 
more smaller and the depth is more larger and the similar effects as in the 
above-described case can be obtained. 
[Effect of the Invention] 

[0027] As described above, according to the present invention, it is possible to obtain 
one, in which concave portions formed in a substrate is sufficiently cleaned, and for 
which quality improvement is attempted, because the cleaning method in the following 
manner is adopted. Specifically, in the cleaning method, the inside of the processing 
tank, in which a substrate is housed, is set to be in the pressure-decreased state, and then 
the cleaning fluid is supplied to immerse the substrate in the cleaning fluid, and in this 
state, the ultrasotiic vibration processing is applied. 

[0028] In addition, the present invention includes an effect that favorable cleaning is 
performed to attempt improvement in quality, because the cleaning device includes: the 
cleaning fluid supply means which supplies the cleaning fluid to the processing tank in 
which the substrate is to be housed; ultrasonic wave generation means which gives 
ultrasonic waves; the pressure decrease-increase means which makes adjustment in order 
that the inside of the processing tank is in the pressure-decreased state of the 
pressure-increased state. 
[Brief Description of the Drawings] 

[0029] Fig. 1 is a cross-sectional view showing a schematic configuration of an 
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example of a cleaning device of an example of the invention; Fig. 2 is a cross-sectional 
view showing a state where a substrate is cleaned by use of the cleaning device shown in 
Fig. 1; Figs. 3(a) to 3(c) are cross-sectional views showing steps for cleaning the trench 
portions, which are essential portions of the substrate, by means of a cleaning method of 
the invention; Fig, 4 is a cross-sectional view showing a state where the substrate is 
cleaned using a conventional cleaning device; and Fig. 5 is a cross-sectional view of the 
essential part showing the state where the trench parts of the substrate are cleaned shown 
in Fig. 4. 

[0030] In the drawings, reference numeral (3) denotes a cleaning fluid; (4), a wafer; (5), 
trench; (6), residual gas; (10), a cleaning tank; (13), a transducer; (14), a cleaning fluid 
supply pipe; (16), a pressure increase-decrease unit; and (19), cavitation. 
[0031] Note that in the figures, the same reference numerals denote the same parts or 
equivalent parts. 

A^nt MasuoQiwa 
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